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Report No. LO4lLk-01-23

This is the twenty-third in a series of informal monthly progress
reports submitted in partial fulfillment of Contract DA-OL-L95-ORD-3069.
It constitutes the seventh monthly progress report for the one-year

continuation of the original two-year program.

This report covers the period 1 April through 30 April 1963. It was
written by R. B. Setterlund who was supervised by A. Rubin.

CORPORATION

ead

Structural Materials Division

NOTE: The information contained herein is regarded as preliminary and
subject to further checking, verification, and analysis.
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Report No. LO414-01-23

I. OBJECTIVES
The objectives of this program are outlined below:

A, Investigation of the stress-corrosion cracking characteristics of
at least three new high-strength alloys of interest for rocket motor case
applications. These alloys are 6AL-4V titanium, 18%-nickel maraging steel, and
20%-nickel maraging steel, in addition to limited testing of vacuum-melted
ONi-UCO steel.

B. Study of the environmental parameters that could affect the rate
and extent of stress-corrosion cracking.

c. Determination of the effect of material parameters (composition,

strength level, welding, and microstructure) on stress-corrosion susceptibility.

D. Continuation of the evaluation of protective coatings and other

techniques for preventing stress-corrosion cracking.
iI. SUMMARY
Results obtained to date indicate that the 6A1-L4V titanium alloy is immune

to stress-corrosion cracking in the annealed, quenched and aged and as-welded

conditions.

The 20%-nickel maraging steel is found to be highly susceptible to stress-
corrosion cracking in the annealed-and-aged condition. Welding and aging the
material causes it to become more susceptible; all failures occur:  "in the heat-
affected zone of the weld. When the alloy is cold-worked 50 or 754 %before aging,

the resistance to stress-corrosion cracking is greatly increased.

The 18%-nickel maraging steel was also found to be susceptible to stress-
corrosion cracking. While the 18%-nickel grade was found to have a longer time-

to-failure than the annealed-and-aged 20%-nickel steel in the distilled water,
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Report No. LOK14-01-23
IT Summary (cont.)

salt water, seacoast air, trichloroethylene, and 140°F water-saturated air envi-
ronments, it showed some failures in tap water, chromate solution and soluble
0il solutions where the 20%-nickel grade was not affected. As with the 20%-

nickel steel it was found that prior cold-working decreased the stress-corrosion

cracking susceptibility.

Fifteen coating systems designed to prevent stress-corrosion cracking are
under evaluation over H-1l steel, heat-treated to give high failure susceptibil-
ity. The most promising systems are the two inhibited epoxy and one pure vinyl

sy stem.

TII. WORK PROGRESS

A. INTRODUCTION.

Since the initiation of the original test program, two years ago,
to investigate the stress-corrosion cracking characteristics of high-strength
alloys., a number of new high-strength steels have been receiving increased atten-
tion for use in constructing rocket motor cases. The third-year test program is
directed to the study of three of these new alloys, as well as of one titanium

alldy presently being used for the same application.

The test environments, substantially the same as those evaluated
in the original two-year investigation, are as follows: (l) distilled water;
(2) tap water; (3) salt water; (4) sodium dichromate-inhibited water; (5) soluble
oil-inhibited water; (6) air; (7) high humidity atmosphere; (8) trichloroethylene;
(9) cosmoline; and (10) solid propellant. These are considered to be environments
representative of those to which rocket motor cases would normally be exposed
during fabrication, processing, and storage. One additional environment is in;

cluded in the new program, that of sea-coast atmospheric exposure.

The test methods being used in this investigation employ bent-beam,
U-bend, and center-notched specimens. Evaluation of results includes microstruc-
tural studies, using both standard metallographic and electron microscopic tech-
nigques, to attempt to associate the failure mechanism with specific microstructural

characteristics of the materials.
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Report No., LOK1L-01-23
III Work Progress, A (cont.)

An evaluation of protective coatings and surface treatments to pre-

vent stress-corrosion cracking is also being conducted.
B. PROGRAM STATUS

During the period covered by this report, four more groups of bent-
beam samples of maraging steels were placed in test. These are: Group I-4 on
9 April, Group I-2 on 15 April, Group H-W on 30 April, and Group I-W on 8 May.
(These code numbers refer to Table 1 designations of processing condition, )
These bent-beam samples are now in test in all environments except seacoast
atmospheric exposure. Seacoast testing on these four groups of specimens will

start on 20 May.

Center-notch testing of the maraging steels has been continued during
the last monthly period. Also, evaluation of the mechanical properties of one
heat of 9Ni-U4Co vacuum cast alloy has been made (Code J-1 in Table 1); stress-

corrosion testing of this material will start within the next month.

Chemical and mechanical properties of the four materials being

evaluated in the program are shown in Tables 2 through k.

Results of the bent-beam and center-notch tests run to date are
shovn in Tables 5 through 18. Microexaminations of bent-beam failures of welded-
and-aged 20%-nickel maraging steel indicate that all failures occur in the weld
heat-affected-zone. A section made of a failed specimen of welded 18%-nickel
steel indicates that the failure occurs in the weldment. In both the 18%- and
20%-nickel steels failures of annealed samples are of an intergranular branching
pattern as indicated in earlier reports. When either the 18%- or 20%-nickel
steels were cold-worked before aging, it was found that its susceptibility to
stress-corrosion cracking was reduced and, at the same time, the mode of cracking
changed from intergranular to possible cracking along the slip planes. This effect
was most clearly shown with the 20%-nickel grade of maraging steel. Photomicro-
graphs of both of these types of failures were included in the last gquarterly

report.

The results of the coating evaluation program is shown in Table 19.

Fifteen different coatings are under test in three environments: aerated 3% N Cl

Page 3




peso i e S S T v

=

poana vy
Lo

Report No. LOLk1Lk-01-23
III Work Progress, B (cont.)

solution, 140°F water-saturated air, and outdoor seacoast exposure. As can be
seen in Table 19, no single coating has been able to prevent stress-corrosion
cracking in all three environments completely. However, based on data accumlated
to date, the best coatings, two inhibited-epoxy systems, U5h-1-1 and 463-1-5

and pure vinyl Type 33, have significantly delayed failure of highly susceptible

H-11 steel specimens and are considered to be very promising.

IV. FUTURE WORK

Work will continue along the guidelines of the master plan shown in Table 1.
Both bent-beam and center-notched specimens will be tested to fulfill as much as
possible of this schedule. Only the 9Ni-LCo alloy remains to be btested. This
testing will be only exploratory due to the lateness of the delivery of the alloy.

Metallographic sections of selected cracked samples have been photographed
and presented in the last quarterly report. In addition, photomicrographs will be

made on cracked 18%- and 20%-nickel maraging steel welded samples.

Three samples were studied by means of the electron microscope, utilizing
fracture replicas. Selected fractographs were presented in the last quarterly
report. For the final report an additional set of fractographs are being prepared
using a failed sample of annealed-and-aged 18%-nickel maraging steél.

V. BUDGET

The expenditure rate for the month of April was 272 hours, leaving 207 hours

for the final two months of May and June.
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5? TABLE 3

. CHEMICAL, ANATYSIS AND MECHANICAT, PROPERTIES
j' OF 6Al-LV TITANTIUM

*
Chemical Analysis, %

C Al v

0 N2 Ti.
0.014 80 ppm Bal

Aerojet analysis 0.3 6.1 h.1  0.083

_—

=

Annealed

i - ]

Mill report
Aerojet test

*¥%
Notched tensile strength

1675°F 1 hour, W.Q. aged 900°F 8 hour
Aerojet test
Notched tensile strength

X Welded

Aerojet test

e Ty Y

¥
Titanium Metals Corporation HT L41k1.

Kk
Tensile failures in parent metal.

5

0.16

Other

0.18

Mechanical Properties (Transverse)

| K
o Using as-fatigue-cracked sample of Figure 3.

Table 3

Yield Strength Ultimate  Elon- R,
(0.2% Offset) Strength gation Hard-
psi psi ness
131,900 141,400 12 33.5

138,000 143,800 14 3L

.- 128,500 - -
162,700 176,800 7 38.5

- 132,000 - -

KKk

131,500 135,200 9.5 33.0
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Report No. LOLk14-01-23
TABLE U4

CHEMICAL ANALYSIS AND MECHANICAL.PROPERTIES OF
ONi-4Co VACUUM CAST ALIOY

*
Mill Certified Chemical Analysis

c Mn P S 8i Co Ni Cr Mo

1<

0.30 0.23 0.006 0.007 0.02 4.10 8.65 0.43 0.35 0.10

Mechanical Properties (Transverse) Aerojet Tests

Ultimate ) !
Yield Strength Tensile !
(0.2% 0ffset) Strength Elongation % Reduction Re
~ Condition ksi kgi % of Area Hardness

(Austenitized 1550°F
in argon - oil
guenched 2 hours
double temper at
temperatures shown)

L4o0°F 190.3 230.3 8 52 48
600°F 184.6 203.0 7 5k 13
800°F 172.k4 186.7 9 59 41
1000°F 176.7 187.1 11 60 4o.5

* .
Republic Heat 3950924

Table 4
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Report No. LO41k-01-23

BENT BEAM TESTS, STRESS-CORROSION,CRACKING IN

) AERATED DISTILILED WATER

Yield

time, hours -

Code Strength Failed/ Failure
Material Variable No.** ksi Tested Mean
6A1-UV Titanium “Annealed G-1 138.0 0/3*** -
6A1-LV Titanium Quenched & Aged G-2 163.0 0/3 -
6AL-UV Titanium As-welded G-W 135.0 0/2 -
20%-Ni Maraging Steel Annealed & Aged H-1 291.3 3/3 11
| 50% CW & Aged H-2 321.0 1/3 330
T5% CW & Aged H-3 293.3 3/3 2918-
20%-Ni Maraging Steel Welded & Aged H-W 245.0 3/3 83
18%-Ni Maraging Steel Annealed & Aged I-4 249.9 3/3 68
1-6 255.4 0/3 -
, I-1 283.0 3/3 3.5
Annealed & Aged I-8 30%,2 3/3 oh
504 CW & Aged I-5 278.0 0/3 -
18%-Ni Maraging Steel I-2 302.5 0/3 -
I-7 331.0 0/3 -
1-3 32%,0 L/h 625
50% CW & Aged I-9 35h.4 1/3 668
18%-Ni Maraging Steel Welded & Aged I-W 236.6 3/3 343

Nétes:

Range

NF1700
NF1700
NET50
10.2-18
330-NF1600
128L-3450
23-200
60-85
NF1200
20.5-46.5
20-27.5
NF1200
NEBYO,
NF1200
440-988
668-NF1200
310-360

D%
All samples stressed to give a maximum outer fiber stress of 75% of the 0.2%
offset yield strength.

*3%
Refers to code letter in master schedule, Table 1.

Indicates no failures of three ‘samples exposed.

Table 5
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Report No. IOK14-01-23

TABLE 6

BENT BEAM TESTS, STRESS;CORROS£ON CRACKING IN
AERATED TAP WATER

Time, hours

Yield
Code  Strength Failed/ Failure
Material Variable No. ksi Tested Mean®
641-4V Titanium Annealed G-1 138.0 0/3%**
6A1-4V Titanium Quenched & Aged G-2 163.0 0/3 -
6A1-4V Titanium As-welded. G-W 135.0 0/2 .
20%-Ni Maraging Steel Annealed & Aged H-1 291.3 0/5 -
50% CW & Aged H-2 321.0 1/3 330
T5% CW & Aged H-3 298.3 2/3 2200
20%-Ni Maraging Steel Welded & Aged H-W 2lk5,0 5/5 5.2
18%-Ni Maraging Steel Annealed & Aged I-k 249.9 0/3 -
Annealed & Aged I-1 283.0 2/3 350
50% CW & Aged I-2 302.5 0/3 -
\i 50% CW & Aged. I-3 %2%.,0 0/3 -
18%-Ni Maraging Steel Welded & Aged I-W 236.6 0/3 -

Notes:

*
All samples stressed to give a maximum outer fiber stress of 75% of" the

0.2% offset yield strength.

¥
Refers to code letter in the master schedule, Table 1.

KKK
Indicates no failures of three samples exposed.

Table 6

Range
NF1700 B
NF1700
NF750
NF3100
330-NF1600
128L-NF3100
3.3-6.5
NF980
325-NF2000
NF8LO
NF2000

NFLOO
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Report No. LO414-01-23

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN
AERATED SALT WATER®

Yield

Codg* Strength Faileq/Failure Time, hours

Variable No.

6A1-4V Titanium
6A1-LV Titanium
6A1-4V Titanium

Annealed G-1
Quenched & Aged G-2
As-welded G-W

20%-Ni Maraging Steel Annealed & Aged H-1

50% CW & Aged H-2
T5% CW & Aged H-3

20%-Ni Maraging Steel Welded & Aged H-W
18%-Ni Maraging Steel Annealed & Aged I-L

I-6

o=
Anmealed & Aged I-8
50% CW & Aged I-5
I-2

I-7

I-3

50% CW & Aged I-9

18%-Ni Maraging Steel Welded & Aged I-W

Notes:

ksi Tested Mean Range
138.0 0/3*** - NF1700
163.0 0/3 - NF1700
135.0 0/2 - NET50
291.3 3/3 7.3 6-8.5
%321.0 0/3 - NF1600
298.3 0/3 - NF3100
245.0 3/3 0.8 0.75-0.85
249.9 3/3 430 140-700
255.4 0/2 - NF1200
283.0 3/3 51.5 19-100
323.2 2/2 6.5 6-7

278.0 0/2 - NF1200
302.5 0/3 - NFBLO
331.0 0/2 - NF1200
323.0 2/3 1290  1000-NF2000
25k 2/2 20 20-20
236.6 W/h 121 115-139

*
All samples stressed to give a maximum outer fiber stress of 75% of the.Q.E%
~offset yield strength.

*¥
Refers to code letter in master schedule, Table 1.

*%
Indicated no failures of three samples exposed.

Table T
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Report No. IOL14-01-23
TABLE 8

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN
AERATED 0.25% SODIUM DICHROMATE

et T e o

j. Yield
Code_  Strength Failed/ Failure Time, hours
T Material Variable  No. . ksi  Tested MNean Range
& 6A1-4V Titanium Annealed G-1 138.0 0/5*** - NF1T700
[ 6A1-4V Titanium Quenched & Aged G-2 163.0 0/3 - NF1700
L 6AL-4V Titanium As-welded G-W 135.0 0/2 - NF750
- 20%-Ni Maraging Steel Annealed & Aged H-1 291.3 1/3 1.0 1-NF35100
éi 50% CW & Aged H-2 321.0 0/3 - NF1600
i 75% CW & Aged H-3 298.3 0/3 - NF3100
f 20%-Ni Maraging Steel Welded & Aged H-W 2k5.0 0/3 - NF500
18%-Ni Maraging Steel Annealed & Aged I-k 249.9 0/3 - NF980
: Annealed & Aged I-1 283.0 3/3 117 100-150
50% CW & Aged I-2 302.5 0/3 - NF8LO
50% CW & Aged I-3 323.0 0/3 - NF2000
18%-Ni Maraging Steel Welded & Aged I-W 236.6 0/3 - NFLOO

Notes:

* ,
A1l samples stressed to give a maximum outer fiber stress of 75 of the 0.2%
offset yield strength.

*¥
Refers to code letter in master schedule, Table 1.

%%
Indicated no failures of three samples exposed.

§ ensemmmeel.
[ AncaiN

Table 8
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Report No. LOo41k-01-23

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN

49, SOLUBLE OIL SOLUTION"

Yield
Code_ Strength Failed/ Failure. Time, hours
Material Variable No . ** ksi Tested Mean Range
6AL-UV Titanium Annealed G-1 138.0 0/5*** - NF1700
6A1-4V Titanium Quenched & Aged G-2 163.0 0/3 - NF1700
6A1-4V Titanium As-Welded G-W 135.0 0/2 - NF750
20%-Ni Maraging Steel Annealed & Aged H-1 291.% 0/2 - NF2000
20%-Ni Maraging Steel 50% CW & Aged H-2 321.0 0/3 - NF1600
20%-Ni Maraging Steel T5% CW & Aged H-3 298.8 0/3 - NF2000
20%-Ni Maraging Steel Welded & Aged H-W 245,0 0/5 - NE500
18%-Ni Maraging Steel Annealed & Aged I-L 249.9 0/3 - NF980
Annealed & Aged I-1 283.0 3/3 Lat 400-U450
50% CW & Aged I-2 302.5 0/3 - NF8LO
: 50% CW & Aged I-3 %23.0 0/3 - NF2000
18%-Ni Maraging Steel Welded & Aged I-W 236.6 0/3 - NF4O0

Notes:

*
All samples stressed to give a maximum outer fiber stress of T5% of the 0.2%
offset yield strength.

X%
Refers to code letter in master schedule, Table 1.

*

33
Indicates no failures of three samples exposed.

Table 9
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TABIE 10

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN
140°F MOISTURE-SATURATED AIR

Yield
Code_  Strength Failed/ Failure Time, hours
Material Variable  No.*® ksi  Tested Mean  Renge
6A1-4V Titanium Annealed G-1 138.0 0/5*** - NF1700
6A1-4V Titanium Quenched & Aged G-2 163.0 0/3 - NFL1700
6A1-LV Titanium As~welded G-W 135.0 0/2 - NE'750
. 20%-Ni Maraging Steel Annealed & Aged H-1 291.3 3/3 100 22-17Th
J 50% CW & Aged H-2 321.0 1/3 1410 1410-NF1600
/' T5% CW & Aged H-3 298.3 3/3 1200 1080-1860
20%-Ni Maraging Steel Welded & Aged H-W 245.0 3/3 10 1-1h
18%-Ni Maraging Steel Annealed & Aged I-k 249.9 3/3 370 170-475
‘ 1-6 255.4 3/3 280 £12-362
J/ I-1 28%.0 3/3 21 20.5-21.5
Annealed & Aged I-8 325.2 3/3 56,5  25.5-T2
50% CW & Aged I-5 278.0 0/3 - NF1200
| I-2 302.5 2/3 360 340-NF840
I-7 331.0 0/3 - NF1200
\ I-3  323.0 3/3 260  2h5-290
50% CW & Aged I-9 35h.4 3/3 833 560-1010
18%-Ni Maraging Steel Welded & Aged I-W 236.6 3/3 131 115-139

Notes:

% .
A1l samples stressed to give a maximum outer fiber stress of T75% of the 0.2%
offset yield strength.

*%
Refers to code letter in master schedule, Table 1.

Indicates no failures of three samples exposed.

Table 10
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TABLE 11

Report No. LO414-01-23

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN
TRTCHLOROETHYLENE IMMERSION®

Yield

Codg, Strength Failed/ Failure Time, hours

Material Variable  No. ksl Tested Mean Range
6A1-4V Titanium Annealed G-1 138.0 0/5** - NF1150
AAL-U4Y Titanium Quenched & Aged G-2 16%3.0 0/3 - NF1150
6A1-4V Titanium As-welded G-W 135.0 0/2 - NF1150
20%-Ni Maraging Steel Annealed & Aged H-1 291.3 3/3 Tho 550-960

50% CW & Aged H-2 %21.0° 0/3 - NF1150

.

T5% CW & Aged H-3  293.3 0/3 - NF1150
20%-Ni Maraging Steel Welded & Aged  H-W 245.0 3/3 L8 Lo-6L
18%-Ni Maraging Steel Annealed & Aged I-1 283.0 2/3 610 550-NF1150

50% CW & Aged I-2 302.5 0/3 - NFL480

\¢/ 50% CW & Aged I-3 323.0 0/3 - NF1150
18%-Ni Maraging Steel Welded & Aged I-W 236.6 0/3 - NFL00
Notes:

*
All samples stressed to give maximum outer fiber stress of 7% of 0.2%
offset yield strength.

*¥
Refers to ¢ode letter in master schedule, Table 1.

K
Indicates no failures of three samples exposed.

Table 11
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TABLE 12

BENT BEAM TESTS, STRESS-CORROSIOIQZ CRACKING IN
COSMOLINE IMMERSION

Yield
Code, Strength Failed/ Failure Time, hours
Material Variable No.* ksi Tested Mean Range
K¥ek
6AL-4V Titanium Annealed G-1 1%8.0 0/3 - NF1700
6A1-4V Titanium Quenched & Aged G-2 163.0 0/3 - NF1T700
6A1-4V Titanium As-welded G-W 135.0 0/2 - NF750
20%-Ni Maraging Steel Annealed & Aged H-11 291.3 0/3 - NF2000
50% CW & Aged H-2 321.0 0/3 - NF1000
T5% CW & Aged  H-3 293.% 0/3 - NF'2000
20%-Ni Maraging Steel Welded & Aged  H-W 245.0 0/0 - -
18%-Ni Maraging Steel Annealed & Aged I-L 249.9 0/3 - NFo80
Annealed & Aged I-1 283.0 0/3 - NF'2000
50 CW & Aged I-3 323.0 0/3 - NF2000
18%-Ni Maraging Steel Welded & Aged I-W 236.6 0/0 - -

Notes:

*
A1l samples stressed to give maximum outer fiber stress of T75% of 0.2%
offset yield strength.

**
Refers to code letter in master schedule, Table 1.
*%.
Indicates no failures of three samples exposed.

¢

Table 12
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TABLE 13

BENT BEAM TESTS, STRESS-CORROSION
LABORATORY AIR®

Report No. IOLk1k4-01-23

CRACKING IN

Yield
Codg, Strength Failed/ Failure Time, hours
Material Variable No. ksi Tested Mean Range
6A1-4V Titanium Ammealed G-1 138.0 0/0 - -
6A1-4V Titanium Quenched & Aged G-2 163.0 0/0 - -
6A1-UV Titanium As-welded G-W 135.0 o/é*** - NEF750
20%-Ni Maraging Steel Annealed & Aged H-1 291.3 0/3 - NF3100
50% CW & Aged H-2 321.0 0/2 - NF1600
/ T5% CW & Aged H-3 293.% 0/3 - NF3100
20%-Ni Maraging Steel Welded & Aged H-W 245.0 0/3 - NF1T0
18%-Ni Maraging Steel Annealed & Aged I-k 249.9 0/0 - -
b 1-6 255.4 0/2 - NF1.200
\ I-1 283.0 0/3 - NEF2000
Annealed & Aged I-8 323.2 0/1 - NF1200
50% CW & Aged I-5 278.0 0/1 - NF1200
. | 1-2 %02.5 0/0 - -
I-7 331.0 0/2 . NF 1200
1-3 %23,0 0/3 - NF2000
\/ 50% CW & Aged  I-9 3544 /2 - NF1200
18%-Ni Maraging Steel Welded & Aged I-W 336.6 0/3 - NF400

Notes:

*
A11 samples stressed to give a meximum outer fiber stress of T5% of the 0.2%
offset yield strength.

*%
Refers to code letter in master schedule, Table 1.

*
Indicates no failures of two samples exposed.

Table 13
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Report No. IOL14-01-23
TABLE 1k

BENT BEAM TESTS, STRESS-CORROSION CR&CKING N
SEACOAST ATMOSPHERIC EXPOSURE

Yield
Codg, Strength Failed/ Failure Time, hours
Material Variable No. ksi Tested Mean Range
6AL-UV Titanium Annealed G-1 138.0 0/5*** - NF1400
6A1-4V Titenium Quenched & Aged G-2 163.0 0/3 - NF1400
6A1-4V Titanium As-welded G-W 135.0 0/2 - NF1400
20%-Ni Maraging Steel Annealed & Aged H-1 291.3 3/% 140 116-188
50% CW & Aged H-2 321.0 3/3 1034  800-1150
T5% CW & Aged H-3 293.3 3/3 1000 860-1150
20%—Ni Maraging Steel Welded & Aged H-W 245.0 O/O - -
18%-Ni Maraging Steel Annealed & Aged I-6 255.4 0/2 - NF1400
Annealed & Aged I-1 283.0 6/6 380 312-450
Annealed & Aged I-8 32%.,2 2/2 T00 350~1050
50% CW & Aged 1I-5 278.0 0/2 - NF1400
1-2 302.5 0/0 - -
I-7 3%1.0 0/2 - NF1400
I-3 323.0 0/3 - NF1400
, \ 50% CW & Aged 1I-9  35h.4 o/2 -~ NF1%00
18%-Ni Maraging Steel Welded & Aged I-W 236.6 0/0 - -

Notes: \

*
A1l samples stressed to give a maximum outer fiber stress of 75% of 0.2%
offset yield strength.

¥ ,
Refers to code letter in master schedule, Table 1.

KK
Indicates no failures of three samples exposed.

Table 14
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Report No. LO414-01-23

TABLE 15

CENTER NOTCH TESTS, STRESS~CORROSION CRACKING IN
0.25% SODIUM DICHROMATE

Codg Ko, Fdiled/ Failure Time, hours

Variable No.% ksi{ in Tested Mean

6A1-4V Titanium
6A1-4V Titanium
20%-Ni Maraging
20%-Ni Maraging
20%-Ni Maraging
18%-Ni Maraging

18%-Ni Maraging

*%
Annealed G-1 85.0 0/2 -

Quenched & Aged G-2 86.2 0/2 -
Steel Annealed & Aged H-1  39.3 0/2 -
Steel 50% CW & Aged H-2 2k.5 0/0 -
Steel 75% CW & Aged H-3 20.5 0/2 -
Steel Annealed & Aged I-k 133.0 0/1 -
Annealed & Aged I-1 121.0 1/1 67.9
Annealed & Aged I-8 103.8 1/1 37,7
50% CW & Aged I-5 107.2 0/1 -
I-2  92.2 0/0 -
I-7 119.0 0/2 -
Steel 50% CW & Aged I-3 6.4 1/1 33.2

Notes:

*
A1l samples given direct load of T of Kc.
*¥
Refers to code letter in master schedule, Table 1.

K .
Indicates no

failures of two samples tested.

Table 15

Range
NF100

NF'100
NF200

NF100
NF100

NF'200

NF100
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TABLE 16

Report No. IO414-01-23

CENTER NOTCH TESTS, STRESS~CORROSICN CRACKING IN

3% SODIUM CHLORIDE SOLUTION

Time, hours

K
Codg,, Failed/ Failure
Material Variable No. ksi Tested Mean
KXk
6A1-4V Titanium Annealed G- 85.0 0/2 -
6A1-4V Titanium Quenched & Aged G-2 86.2 0/2 -
KX
20%-Ni Maraging Steel Annealed & Aged H-1 39.3 1/1 L.2
H-1 39,3 2/2 7.2
KRNk
H-1  39.3 1/1 8.2
Annealed & Aged H-1  39.3 1/1 12.7
W 50% CW & Aged H-2  24.5 2/2 14.0
20%-Ni Maraging Steel T5% CW & Aged H-3 20.5 2/2 Lo.2
Hehhe K
18%-Ni Maraging Steel Annealed & Aged I-It  133.0 1/1 7.8
I-b  133.0 2/2 12.3
By
-4 133.0 1/1 6l
I-6 129.5 3/3 22
, I-1  121.0 2/2 20.6
Amnealed & Aged I-8 103.2 2/2 8.8
50% CW & Aged I-5 107.2 2/2 13,4
-2 92,2 2/2 T.2
I-7  119.0 3/3 9.9
\ % I-3 76,k 2/2 5.9
18%-Ni Maraging Steel 50% CW & Aged I-9  6h.h 2/2 k.5

Notes°

All samples given direct load of 75% of K except as noted.

#%
Refers to code letter in master schedule, Table 1.

KK
Irdlcates no failures of two samples tested.

KRF
Tested at 83% of K,

Tested at 60% of K
KRR K
Tested at 27% of K .

KHRN¥

Table 16

Range

NF100
NF100
6.6-7.8

8.20

3l k-l6
9.5-15,2
10-35
18-23
8.3-9.3
12.5-14,2
To2-T02
h.h-12.9
5.0-6.9
5.0-4.0
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TABLE 17

CENTER NOTCH TESTS, STRESS-CORROSION CRACKING IN

DISTILLED WATERX

Report No. IO41Lk-01-23

Failed/ Failure Time, hours

Code K
Material Variable No.* ksiS/in Tested Mean
641-4V Titanium Annealed -1 8.0 0o/3 -
6A1-4V Titanium Quenched & Aged G-2 86.2 0/3 -
20%-Ni Maraging Steel Annealed & Aged H-1 39.3% 3/5» 5.1
20%-Ni Maraging Steel 50% CW & Aged H-2 2k.5 0/0 -
20%-Ni Maraging Steel T5% CW & Aged H-3 20.5 1/3 121
18%-Ni Maraging Steel Annealed & Aged I-4 13%3.0 0/0
Annesled & Aged I-6 129.5 0/1 -
Annealed & Aged I-1 121.0 3/3  85.3
50% CW & Aged I-5 107.2 0O/1 -
-2 92.2 2/2  17.1
I-7 119.0 0/0 -
I-3 76.4 2/2  13.2
18%-Ni Maraging Steel 50% €W & Aged  I-9 6tk 0f0 -

Notes:
*
A1l samples given direct load of T5% of K,

**
Refers to code letter in master schedule, Table 1.

*¥
Indicates no failures of three samples tested.

Table 17

Range

NF100
NF100
4.6-6.6

121-NF300

NEF200
83-87
NF200
16.6-17.6
12.6-13.8
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TABIE 18

CENTER NOTCH TESTS, STRESS-CORROSION CRACKING IN

Report No. LOK14-01-23

L9, SOLUBLE OIL SOLUTION"

Time, hours

Code K Failed/ Failure
Material Variable  No. " keiV/in Testrd Mesn
6A1-4V Titanium " Annesled G-1 85.0 0/1***
6A1-4V Titanium Quenched & Aged G-2 86.2 0/1
20%~Ni Maraging Steel Annealed & Aged H-1 39.3 0/2
20%-Ni Maraging Steel Annealed & Aged H-2 2k.5 0/0
20%-Ni Maraging Steel 75% CW & Aged H-3 20.5 0/1
18%-Ni Maraging Steel Annealed & Aged I-k 133.0 0/1
Annealed & Aged I-1 121.0 0/0
50% CW & Aged I-2 92.2 0/0
18%-Ni Maraging Steel 50% CW & Aged  I-3 6.4 0/0
Notes:

*
All samples given direct load of 75% of Kc'

*¥
" Refers to code letter in master schedule, Table 1.

*
Indicates no failure of one sample tested.

Table 18

Range

NF100
NF100
NF200
NF100
NF100




- —— - _— y ’
+3uT3s9% JUBIIND UT qou SaTdUss SMIOA ISTTIBD WOXI USYE) E..mm**
i .dwmo% I9quUUuU 03 PITIBF Isqumu JO OHP.m_m”*
“ 006 dN-06h 0%t g/t 05g-5¢h on9 e/e €Q6-026 04s e/e wagsks TAUTA PITITPOR
‘ - - - 06L-z4lL 99L e/e oox-Le 412 e/e Ghe—H~IX ourz dTuElX
w m.\c/ - - - 0912 aN - 2 \o 9G-2h 76 N\N TT °UTz OTuslIOUT Iaa0 QQT Axodg
M L_ 006 N - #/0 6Tg-¢aL 128 e/e 20L-4L9 Lg9 g/e T 2dAL ‘outz otusBIoul
; nw 006 N - /0 #06-22h (459 2/e €eT-6"1T LL gfz # SdAf ‘938OTTTS dutz Jano Axodyg
W m 006 N - c/o 00ST dN - 2/o 8T-0T 7T e/e 4 2dAg ‘93BOTTIS OUTZ
: .nlu_ 006 AN - g2/0 00ST aN-ol9 oL9 g/t 00ST an - 2/o TAUuTA 2amg
H . - ggT /T - (et 1/t ¢e-4T S gt 2fe ( Toxguod) SuoN PaSEIq-PUES
=
» 006 dN-O2L 02L e/t 963-9¢T 6T z/e 09T-OHT 08T e/e £xods umTuBlTy $0L
W 09L-088 099 e/e Sh-9T 0g¢ g/e 00T-00T 00°'T 2/2 £xode wnupmmTe $0Q
nm 006 AN-9TT 91T e/t 969-L4T ceh 2/e 9°1-¢'0 2T 2/e 4 @dAL f938dTTIS OUTZ
- - - 056%-0652 000H **:\4 0985 N - **:\o T-T-4Gh I8a0 G-1-¢on Lxody
- - - STIST~692 Shg ¢/¢  gls-Ges 08¢ c/c g-#-¢oh Axods parTQIUUL
006 IN - 2/o 9L6-00% 959 ¢/c 00TE aN - ¢/o S-T-Con Axode Po3IqIUUL
006 N - 2/0 06ge-0652  ozle **m\m 002T JN - g/o T-T-HGh Axods PagTqIUUL
006 AN-062 0Se 2/T  0086-0€G2  00S6& /9 89T-T 64T /€ sugyiamATOg popuss To
9TI-91T 9TT g/a oL-gh 49 c/e $°2-g°0 91 /t ( Tox3udo) SUOK punoad s0BiIng
T oPuey oT38g ofuey  Ueey T8 aFueg CEEN oTI®l SuT3e0) TYOTITDPUO) SOBIING
; ™ UIL SIMTIEL mwsﬂam § owsﬁwm %ﬂmm mw:ﬂw.m
>msodxg 3sB008ag TV pogeanysy d Ont uoTINTOS [OBN $¢ PoIBISY
6T TIAVL
e B oees B pesans SR St BN Suc SN oo v SRR Nourts S SO e N ) B o HENURE e R

Table 19



